Background: many people living with dementia remain underdiagnosed and unrecognised. Screening strategies are important for early detection. Objective: to examine whether the Lawton's Instrumental Activities of Daily Living (IADL) scale, compared with other cognitive screening tools-the Mini-Mental State Examination (MMSE), and the Ascertain Dementia 8-item Informant Questionnaire (AD8)-can identify older (≥ 65 years) adults with dementia. Design: population-based cross-sectional observational study. Setting: all 19 counties in Taiwan. Participants: community-dwelling older adults (n = 10,340; mean age 74.87 ± 6.03). Methods: all participants underwent a structured in-person interview. Dementia was identified using National Institute on Aging-Alzheimer's Association core clinical criteria for all-cause dementia. Receiver operator characteristic curves were used to determine the discriminant abilities of the IADL scale, MMSE and AD8 to differentiate participants with and without dementia. Results: we identified 917 (8.9%) participants with dementia, and 9,423 (91.1%) participants without. The discriminant abilities of the MMSE, AD8 and IADL scale (cutoff score: 6/7; area under curve = 0.925; sensitivity = 89%; specificity = 81%; positive likelihood ratio = 4.75; accuracy = 0.82) were comparable. Combining IADL with AD8 scores significantly improved overall accuracy: specificity = 93%; positive likelihood ratio = 11.74; accuracy = 0.92. Conclusions: our findings support using IADL scale to screen older community-dwelling residents for dementia: it has discriminant power comparable to that of the AD8 and MMSE. Combining the IADL and the AD8 improves specificity.
Introduction
Early detection and timely diagnosis of dementia, a healthcare priority in many countries and regions [1] , are a gateway for providing healthcare and social services [2] . Studies [3, 4] have reported that early detection and timely diagnosis reduce the patient's functional decline, the caregiver's burden and the cost of care. Others [5] [6] [7] have reported that diagnostic coverage is only 40-50% in high-income countries, and that it is unlikely to exceed 5-10% in low-and middle-income countries. Many people living with dementia remain underdiagnosed and unrecognised. Screening strategies are important for early detection [8] .
Valid and reliable cognitive tests are frequently used for early dementia detection, including performance-based measures, e.g. the Mini-Mental State Examination (MMSE), the Mini-Cog™ and informant-based measures like the Ascertain Dementia 8-item Informant Questionnaire (AD8) [4, [9] [10] [11] [12] . However, only 20% of patients are screened using cognitive tests before being referred to a memory specialist [13] . Using cognitive tests for screening seems difficult in clinical and community settings [14] . A high prevalence of illiteracy and low-level education might be barriers to cognitive screening in middle and low-income countries [15] . The space, time and training required to properly administer conventional screening tools can also be a burden for community workers [16] . Furthermore, the cost-effectiveness of large-scale screening in detecting cognitive impairment has been debated, but identifying cognitive impairment during routine care is becoming critical [1, 4] . Therefore, it is necessary to find an alternative and commonly used screening tool that has no educational bias and is easy to administer in a community-based setting [8, 16] .
Using the instrumental activities of daily living (IADL) as a screening tool for dementia has been proposed as an alternative strategy [17] [18] [19] [20] [21] [22] [23] . There is robust evidence that difficulty with IADL is one early feature of dementia. People with early-stage dementia often show declines in IADL performance, which requires complex cognitive processing [24, 25] . The National Institute on Aging-Alzheimer's Association (NIA-AA) [26] , Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition: DSM-IV-TR (DSM-IV) [27] and DSM-V [28] criteria for diagnosis of dementia require not only deficits in cognitive function, but also decreases in daily, social and occupational function. Because it is an early feature of dementia syndromes [25] , IADL disability might be a good screening indicator for dementia.
Using IADL as a screening tool for dementia has not been supported consistently by empirical studies, despite the fair specificity found in population-based studies [29] . Moreover, the diagnostic accuracy-especially specificity-was not as high in clinical settings as in community settings [19, 20] . Common findings of physical impairments or comorbidities in older (≥65 years) adults in clinical settings might contribute to IADL dependence.
The Lawton IADL assessment is one of the most popular IADL scales. However, it was not developed to screen people with dementia [30] . If used in dementia screening, a cutoff score needs to be examined and established. The purpose of this study was to use a cross-sectional nationwide population to (i) evaluate the discriminant validity (accuracy and utility) of Lawton's IADL scale to identify community-dwelling older adults with dementia; and (ii) to compare the discriminant validity of the IADL scale, MMSE and AD8, and the combined AD8 and IADL scale for dementia screening.
Methods

Study design and sampling
A door-to-door survey of 10,432 potential participants was done by well-trained field interviewers between December 2011 and March 2013. To assess the interviewees, interviewers used the MMSE [31], the AD8, the Clinical Dementia Rating Scale (CDR) and a structured questionnaire that asked about demographics, medical history, cognitive and functional status (IADL and ADL), and lifestyle factors. The sampling process, training of interviewers, home visiting procedures, quality control and protocol approvals are described elsewhere [32] .
Diagnosing dementia: procedures
Dementia was diagnosed using the core clinical criteria for all-cause dementia from the NIA-AA [26] . The detailed diagnosis criteria are described elsewhere [32] .
IADL performance
Participants or informants were asked about each participant's ability during the previous month to perform eight activities listed in Lawton's IADL scale (Table 1 ). The ranges of the raw scores of the Lawton's IADL items were 1-3, 1-4 and 1-5. The raw score of each item was converted to a dichotomised score (1 = independent, 0 = not independent). A summary score ranges from 0 (low function: dependent) to 8 (high function: independent) [30] . Data from participants who answered 'unable to judge' or 'missing' were scored as missing, and they were excluded from the ROC curves analyses. The AD8 is described in Appendix 1, and other measures of covariates are described in Appendix 2 (both appendices available at Age and Ageing online).
Statistical analyses
For each measure and the combined AD8 and IADL scale ('and' rule: the participant was considered positive only when both tests were positive) the area under the receiver-operating characteristic (ROC) curve (AUC) was calculated for each gender and educational subgroup. A cutoff score for each measure that best differentiated diagnostic groups (Dementia versus Non-Dementia) was determined using the Youden index [34] . A combination of the IADL and the MMSE was not evaluated because of copyright problems. Other details of the statistical analysis are provided in Appendix 3 (available at Age and Ageing online).
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Results
Participant characteristics
Of the 10,432 interviewees, 72 living in institutions were excluded, which left us 10,340 community-dwelling older adults to analyse. There were 917 older adults (8.85%) in the Dementia group, and 9,443 (91.15%) in the Non-Dementia group, including 2,021 (19.51%) with mild cognitive impairment (MCI) and 410 (3.96%) unclassified; 7,012 (67.68%) with intact cognitive function were the Non-Dementia Control group. Demographic information, IADL, MMSE and AD8 performance are presented in Table 1 . Lifestyle characteristics and medical and clinical information are presented in Appendix 4. IADL disabilities independently discriminating between older people with and without dementia even after controlling for cognitive function are presented in Appendix 5 and Appendix 6 (all appendices available at Age and Ageing online).
The discriminative ability of IADL, MMSE, AD8, and the combination of IADL and AD8
The IADL scale discriminated extremely well between the Dementia and Non-Dementia groups: cutoff IADL scores were 6/7 (AUC = 0.925; 95% CI = 0.915-0.935; sensitivity = 89%; specificity = 81%; LR+ = 4.75; LR− = 0.13; and classification accuracy = 0.82) ( Figure 1 and Table 2 ). Those unable to perform independently six or more IADL items from Lawton's scale (scored < 7) were 4.75 times more likely to be diagnosed with dementia, which is considered a fair LR+ [36] . Using the IADL cutoff score of 6/7, 89% of those with dementia (true-positives) and 81% of those without dementia (true-negatives) were expected to be correctly identified.
An MMSE cutoff score of 20/21 resulted in an AUC value of 0.931. An AD8 cutoff score of 1/2 resulted in an AUC value of 0.905 (Table 2 ). There were no significant differences in the diagnostic and classification accuracy between the IADL scale, the MMSE, and the AD8 (P > 0.05).
When the IADL and AD8 were combined, the AUC improved to 0.947 (95% CI = 0.939-0.955), sensitivity decreased by 8% (81%), specificity increased by 12% (93%), utility rose to excellent [LR+ (11.74)], and classification accuracy significantly increased by 10% [χ 2 ] (1) = 58.36, P < 0.0001.
IADL was gender-and education-independent
The cutoff scores of the IADL and AD8 scales did not differ by gender or educational subgroup. However, different genders and educational subgroups had different MMSE cutoff scores (Table 2 ).
Discussion
Our most important finding was that Lawton's IADL scale discriminated between older adults with and without dementia well as did the MMSE and the AD8. We also found that the IADL scale discriminated between those with and without dementia independently of the MMSE and AD8, even after comorbidities and lifestyle risk factors had been adjusted for. Several longitudinal studies [25, [37] [38] [39] reported that IADL performance predicts incident dementia. Our findings support the notion that declines in functional performance can be an independent predictor for dementia; thus, we conclude that IADL disabilities can be used as a screening index. Using IADL as a dementia screening strategy has been overlooked in favour of focusing on cognitive assessments [4] . This study supports that the IADL is a valid tool for identifying older adults with dementia in communities with a relatively low-prevalence rate (about 8-10%). An IADL scale score of 6 or less detected 92.5% of dementia among community-dwelling older adults (sensitivity = 0.89, specificity = 0.81), which was comparable with other, similar studies (estimated summarised AUC = 0.88, weighted average sensitivity = 90.18%, weighted average specificity = 78.79%) [29] . However, the diagnostic accuracy reported by some studies [19, 20] done in settings with higher prevalence rates, such as memory clinics, was not satisfactory, particularly the specificity. Therefore, we hypothesise that IADL measures are more effective for identifying community-dwelling older adults with dementia.
This study is the first to compare the three frequently used tools to screen for dementia in community-dwelling older adults: Lawton's IADL scale, the MMSE, and the AD8. All three detected more than 90% of the cases. The major concern is that factors unrelated to dementia, e.g. physiological degeneration and comorbidities, can also lead to functional deterioration in the older adults. Thus, using the IADL scale to screen for dementia might lead to less satisfactory specificity and a relatively high false-positive rate [29] . In the current study, the related discriminant indices of the IADL scale were as good as those of the AD8 and the MMSE. This might be because each screening tool has its own shortcomings. For example, the MMSE yielded a high falsepositive rate in the older adults and in participants with lower education levels [4, 10, 16, 40] . We also found that the MMSE yielded gender and educational effects, but that the IADL and AD8 did not. Therefore, we can reasonably assume that although the IADL as a dementia screening scale did not have an ideal specificity, its discriminant validity as a screening tool was as good as that of the AD8 and the MMSE, with the additional benefit of easier administration. Furthermore, the IADL scale is frequently used in routine health examinations to provide information about a person's functional status, which can be used to assess the care services they need [38] . Thus, its use for dementia detection will not add an extra burden for care providers. Moreover, evidence that IADL disabilities indicate a high risk of dementia should increase public awareness of dementia.
It is interesting to note that the cutoff scores of Lawton's IADL scale were identical for both genders, and that similar diagnostic accuracy was reported. Traditionally, gender differences would be considered when assessing IADL disabilities. A few studies [24, 41, 42] found that the patterns of functional abilities vary for men and women. However, the current study and Juva [23] found no substantial gender differences in IADLs. Therefore, the IADL scale can be used for both genders with the same standard.
Recent research [13, 43, 44] found that combining two or more tools for dementia screening might increase the specificity and lower the probability of mislabeling a typically aging older adult as someone with dementia. This might prevent the expensive and potentially stressful series of tests for dementia, and minimise the possible adverse psychological effects of screening. Our findings showed that the correlations between the MMSE, AD8, and IADL were only moderate, and that each could independently predict dementia, which implied that each screening tool might evaluate different traits of dementia, and therefore complement each other. We suggest combining the IADL and AD8 results to reduce the false-positive rate. Those who screen positive on both will need a comprehensive evaluation.
The current study has several strengths. It analysed a large representative sample from a nationwide epidemiology study that used face-to-face interviews. All participants underwent a detailed assessment to ensure a reliable diagnosis of dementia based on NIA-AA core clinical criteria, a primary diagnostic guideline for dementia research. Additionally, this is the first study that extensively compares the three most frequently used screening assessments (Lawton's IADL, the MMSE, and the AD8). Lastly, we propose valid screening cutoff scores that allow immediate clinical application in community settings.
This study has some limitations. First, we did not assess other factors that influence IADL, e.g. hand function, depression, and environmental factors. Second, there might be disagreement between self-reports and informant-based IADL data [45] , but the data collected using these two methods were not differentiated in the study. Third, the results can be affected by 'incorporation bias', whereby the IADL disabilities, MMSE, and subjective complaints of cognitive problems (i.e. the AD8) form a part of the reference standard (the NIA-AA criteria). This bias is common in dementia diagnostic studies, according to the reporting 
Conclusion
IADL disabilities independently discriminate between older people with and without dementia even after controlling for cognitive function. This study supports using Lawton's IADL scale with a modified scoring method as an alternative dementia screening tool for community-dwelling older adults. Using the IADL as an initial screening tool can decrease the bias associated with gender and with educational levels. The discriminant ability of the IADL for dementia in community-dwelling older adults is comparable to that of the MMSE and AD8, the conventional cognitive-based screening tools. We recommend combining the IADL and the AD8 to improve specificity.
Key points
• The discriminant ability of Lawton's Instrumental Activities of Daily Living (IADL) scale to identify persons with dementia is comparable to that of Mini-Mental State Examination (MMSE), and Ascertain Dementia 8-item Informant Questionnaire (AD8).
• The combination of two informant-based tools, the Instrumental Activities of Daily Living (IADL) and Ascertain Dementia 8-item Informant Questionnaire (AD8), reduces the false-positive rate and improves specificity.
• The Instrumental Activities of Daily Living (IADL) is feasible to detect cognitive impairment in a routine healthcare examination.
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